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@ 4L_i* U itti?|@**) @t tU @ ui@|hi ? tiU|L? e
At @?@*)ttc *i ThL_?} tiu* ?t}|tc t tL4i@| ?t@|tu@U|Lh) ? |L
@)t 6ht|c | _Lit ?L| @**L 4i |L _tUtt |i _@?}ih Lu h?@@) _i@|L?c ?
U ThUit _iUhi@ti u@t|ih |@? h@|i q W ** |h? |L |@| tti ? |i ?i | tiU|L?
5iUL?_c u 4L?i) t |_h@? uhL4 UhU*@|L? |LL u@t|c @? i^*Mh4 4@) ?L| ii?
i t| L*i @?_ kLUih*@!L|@ t|@|i |i uL**L?} uLh| ThLTLt|L?
hLTLt|L?  RWu ESc ? ' *L}ES n E?c |i? u |n*|  B 	 q uLh @** |c |ihi
t ?L i^*Mh4
At ThLTLt|L? t _tUL?Uih|?}G |ihi @hi 4L?i|@h) TL*Uitc uLh U |iLh) 
tL u@h  t ?L }_i @t |L @| ** @TTi? ?i i Lu _i@|L?@h) tTh@*t 4@) Mi
|@| |iti @hi iTtL_it | tU Ruhi@! 4L?i|@h) TL*Uit MLt*)c |t t @ }hLtt
4t?|ihThi|@|L? Lu |i hit*| @MLiG |i u@U|c |@| |ihi t ?L i^*Mh4 U@??L|
Mi ?|ihThi|i_ |L 4i@? |@| |ihi t @ _i@|L?@h) tTh@*
Lhi }i?ih@**)c tTTLti |@| ESc ? ' ES3#*E#n E?c tTTLti |@| |i
U@t?@_@?Ui UL?t|h@?| M?_t ? | @?_ | n c i R|S| ' 6|c R|nS|n ' 6|nc @?_
tTTLti |@| 6|n*6| ' B 	 q ?i U@? |i? tLc |@|







`| |  fc |t 4T*it |@| S| 4t| Mi th?!?} @| |i h@|i Lu @| *i@t| EB*q*E3# 	
c u # 	  @?_ |@| S| 4t| Mi }hL?} @| |i h@|i Lu @| *i@t| Eq*BE*E#   : c u
# :  Ai U@ti # ' c i |i U@ti ESc ? ' *L}ESnE? |h?t L| |L Mi !?uii_}i
W? t4c |t t ?|ihit|?} |ihh|Lh) Lh|) Lu uh|ih t|_)
 +i_Ui_uLh4 Rki)?it@? 4L_i*t
L4?@* ?|ihit| h@|it @hi _i*) ii_ @t Mi?} UL?t|h@?i_ M) 3ihL uhL4 Mi*L
Aihi @hi |ihiuLhi |L @h}4i?|tc ) 3ihL ?L4?@* ?|ihit| h@|it @hi ?L| @ }LL_ _i@
_itT|i |i hit*|t Lu |i ThiLt tiU|L?G W ** _itUhMi |iti @h}4i?|t ? }hi@|ih
6Rqh pd| eh deoh wr jhw durxqg wklv frqvwudlqw wkurxjk eruurzlqj vxevlglhv/ d wrslf wr zklfk L
zloo uhwxuq lq wkh glvfxvvlrq lq vhfwlrq 81
H
_i|@* Mi*L hi)G ht|c 3ihL ?L4?@* ?|ihit| h@|it @?_ |i 4L_it| _i@|L? U
}Lit @*L?} | |c 4@) Mi @ U*gc uhL4 U L?i 4@) u@** ?|L @ _i@|L?@h) tTh@*c
tii c h@|ih |@? |i ?h@?@ Lu @hi|L LT|4@*|) @t i?tL?i_ ? |i ThiLt
tiU|L? 5iUL?_c |L |i _i}hii |@| | t _ith@M*i |L UL?_U| UL?|ihU)U*U@* 4L?i|@h)
TL*U)c |i 4@?iih?} hLL4 ? hiUittL?t _t@TTi@ht @| 3ihL ?L4?@* ?|ihit| h@|itc
tii 2 W? |t tiU|L?c W t |L i @4?i ML| @h}4i?|tc t?} tL4i i |hi4i*) t4
T*i Rhi_Ui_ uLh4 4L_i*t Lu ?@|L?@h) ELh _i@|L?@h) _)?@4Ut Aiti 4L_i*t
@i Mii? U@**i_ Rki)?it@? M) *@h_@c B@* @?_ Bih|*ih Ebbbc @*|L} L?i 4@)
?L| ?iUitt@h*) @?| |L @||@U |@| ?|ihThi|@|L? 6Lh t4T*U|) @?_ |L i T*Lhi
|i hi*i@?| ttitc i t@** @tt4i @ h@|ih RL*_u@tL?i_ M@U!@h_*LL!?} ?@
|L?@h) ThLUittc h@|ih |@? @ 4L_ih?c uLh@h_*LL!?} **Tt Uhi W| tL*_ Mi
|ihiuLhi @** |i 4Lhi thTht?} |@| |t uh@4iLh! _i*iht |i hiUL44i?_@|L? |L
itti?|@**) uL**L 6hi_4@?<t h*ic tii tiU|L? 2
 #i@|L?@h) tTh@*t
UULh_?} |L |i ht| @h}4i?|c tTTLti |@| ThUi U@?}it @hi @ Tihtt|i?|c t|LU@t
|U ThLUittc tL4i@| UL?|hL**@M*i |hL} hi@* ?|ihit| h@|it `| hi@* ?|ihit|
h@|it @MLi tL4i Mi?U4@h! *ii*c ThUit |i?_ |L u@**c ihi@t |i) |i?_ |L hti |
hi@* ?|ihit| h@|it Mi*L |i Mi?U4@h! *ii* Ai?c *i ?L4?@* ?|ihit| h@|it @hi
@MLi 3ihLc 4L?i|@h) TL*U) @t i?L} 4@?iih?} hLL4 |L UL?|ih@U| u@**?} Lh
ht?} ThUit | @t ?L4?@* ?|ihit| h@|it | |i *Lih ML?_ Lu 3ihLc @?) @__|L?@*
_i@|L? ** h@ti hi@* ?|ihit| h@|it @t @ UL?ti^i?Uic |t hi?uLhU?} |i _L?@h_
Thitthi L? ThUitG @ _i@|L?@h) tTh@* hit*|tc tii kh}4@? EbbbM
At *L}U *i@_t +L|i4Mih} @?_ L̀L_uLh_ Ebb.c bbbM |L ThLTLti @ hLMt|
UL?|hL* uh@4iLh!c ? U tL4i _ith@M*i _t|@?Ui |L |i 3ihL *Lih ML?_ t @__i_
|L |i LMiU|i u?U|L? Lu |i Ui?|h@* M@?! w!itic hT@?_it @?_ `i*@?_
EbbH 4ihi*) @?@*)3ic L *!i*) | t uLh 4L?i|@h) TL*U) |L | |i 3ihL *Lih
ML?_c U@*U*@|?} |i U@?Ui |L Mi t4@** uLh 4L_it| ?@|L? |@h}i|t @?_ hi@*t|U
T@h@4i|iht
Atc Liihc Mi}t |i ^it|L? Lu @| L*_ @U|@**) @TTi?c u 4L?i|@h)
TL*U) ihi |L | |i *Lih ML?_G *i igLh|t 4@) Mi 4@_i |L !iiT @@) uhL4
|c |i 4L_i*t M) |i @|Lht 4i?|L?i_ @MLi ** 4T*)c |@| 4L?i|@h) TL*U) }i|t
|ihi ii?|@**) Ai? @|q AiLh) tL*_ ThL_i tL4i }_@?Ui
Oihic W ** |@!i @ uh@4iLh! t4*@h |L |i uh@4iLh! M) |iti @|Lht |L @h}i
|@| u ?_ii_ @ h?@@) _i@|L? UL*_ @TTi?c |i? iUL?L4it **c L? @ih@}ic
tTi?_ tMt|@?|@* |4i ? _i@|L?@h) hi}4it At ?t}| @t |L ?|ihThi|@|L?t
,|ih | 4i@?t |@| i @i Mii? *U!) tL u@h ? ?L| h???} ?|L _i@|L?@h) tTh@*t
4Lhi Lu|i?c @?_ |@| |i t|@|L? ? a@T@? t @U|@**) h@|ih |i ?Lh4 |@? |i
b
i UiT|L? h | 4i@?t |@| |i _@?}ih Lu @ _i@|L?@h) tTh@* t 4Lhi @TT@hi?| |@?
hi@*G W |ihiuLhi t|_) @ 4Lhi Mi?}? ihtL? Lu |i ThUi _)?@4Ut ? tMtiU|L? 2
Oihic tTTLti |@| |i h@|i Lu ThUi U@?}i
Z| ' *L}E| *L}E|3
iL*it @UULh_?} |L
Z|n  Z| ' wZ|  1

o|3  Z|  7ohi@*

n "| E
ihi 7ohi@* t tL4i Mi?U4@h! *ii* Lu hi@* ?|ihit| h@|itc o| t |i ?L4?@* ?|ihit|
h@|i uLh @ ht! uhii tiUh|) 4@|h?} ? TihL_ | n  @?_ w @?_ 1 @hi ULiUi?|t
Atc |i i ThittL? ? Mh@U!i|t t |i _gihi?Ui Mi|ii? hi@*3i_ hi@* h@|it @?_ |i
Mi?U4@h! *ii*
*i@h*)c i^@|L? E t ?L| @ }LL_ tMt|||i uLh ThLTih iUL?L4U |iLh3?}
`*i BLL_uhi?_ @?_ k?} Ebb.c @̀*t EbbH @?_ L̀L_uLh_ EbbbM ThL_i
@ 4Lhi ?_iT| _tUttL? Lu L i^@|L?t Lu |t |)Ti 4@) hit*| uhL4 @ 4Lhi
u**i_}i_ 4L_i*c @?_ *i i^@|L?t Lu |t |)Ti @i itti?|@**) Mii? ti_ M)
TLT*@h UL?|hM|L?t |L |i *|ih@|hi thi)i_ M) *@h_@c B@* @?_ Bih|*ih Ebbb
tU @t 6hih @?_ LLhi EbbDc +_iMtU @?_ 5i?ttL? Ebbb Lh hT@?_it
@?_ `i*@?_ Ebbbc |i Mit| _iui?ti 4@) t4T*) Mi |@| @? i^@|L? *!i E tL*_
t4T*) Mi hi}@h_i_ @t @ t|@h|?} TL?| |L ThL_i tL4i ?t}|t @?_ ?||L? Wu
|iti ?t}|t @hi _ii4i_ ?|ihit|?}c @ 4Lhi ?_iT| ?it|}@|L? 4@) Mi U@**i_
uLh W| 4@) @*tL Mi 4Lhi uh|u* |L hi}@h_ |i _)?@4Ut E @t @ht?} uhL4 |i
!?_t Lu *i@h??} ThLUittit _tUtti_ ? 5@h}i?| Ebbb h@|ih |@? tL4i u**) h@|L?@*
i TiU|@|L?t i^*Mh4
W4TLh|@?|*)c i^@|L? E U@T|hit tL4i i*i4i?|t U W Mi*ii @hi 4TLh|@?|
|L |i @?@*)tt Lu 4L?i|@h) TL*U) ?i@h |i 3ihL *Lih ML?_ L? ?|ihit| h@|it 6ht|c
Ui?|h@* M@?!t _L ?L| UL?|hL* ?@|L? _hiU|*)G |i) L?*) @i ?_hiU| UL?|hL* Lih |
@ |ih 4L?i|@h) TL*U) ?t|h4i?| At t U@T|hi_ M) |i h@?_L4 tLU!G @U|@*
?@|L? 4@) LihtLL| Lh ?_ihtLL| |t |@h}i| 5iUL?_c |ihi 4@) Mi tMt|@?|@*
?ih|@ |L |i _)?@4Ut Lu ThUi U@?}it W?@|L?t Lh _i@|L?t @hi h@hi*) L?i
Lg ii?|tG Mh?}?} |iti M@U! |L R?Lh4@* *ii*t t@**) hi^hit |4i At t
U@T|hi_ M) |i @|Lhi}hitti |ih4 6?@**)c | tii4t u@h*) hi@tL?@M*i |L TLt|*@|i
|@| i} ?@|L? }i|t t*Li_ _L?c u |ihi t @ !i ? hi@* h@|itc @?_ |@| ?@|L?
t Thi_i|ih4?i_ L?i TihL_ ? @_@?Ui ?i 4}| Mi |i4T|i_ |L U@** i^@|L? E
@ Rht|}i?ih@|L? ki)?it@? 4L_i* Etii BLL_uhi?_ @?_ k?}c bb.c @?_ _iM@|ic
i|ih | t 4Lhi @TThLTh@|i |L h|i |t i^@|L? @t @? i TiU|@|L?@* RuLh@h_
*LL!?} i^@|L? Lh |L 4 M@U!@h_*LL!?} @?_ uLh@h_*LL!?} |ih4t W Mi*ii
|@| | t ?|ihit|?} |L i |i?_ |i @?@*)tt ? |@| _hiU|L? W @*tL Mi*ii |@| |i
f
itti?Ui Lu |i @h}4i?| ** thi i UiT| uLh u@h*) i |hi4i E@?_c tL4i 4}| t@)c
?Uhi_M*i @*|ih@|L?t
,^@|L? E 4T*itc |@| | hi@*3i_ hi@* h@|it i^@* |L |i Mi?U4@h! *ii*c
?@|L? t 4i@?hiih|?} |L 3ihL @| h@|i w EW| L*_ Mi ?Ui uLh u|hi Lh! |L
4L_u) |i 4L_i* tL |@| | @**Lt uLh *L?}h? ?i|h@*|)G |i t|i@_) t|@|i ?@|L?
h@|i ihi tL*_ Mi @hM|h@h) h@|ih |@? 3ihL Wu f 	 w 	 2c @ 4L?i|@h) TL*U) U
!iiTt |i hi@* h@|i Lu ?|ihit| h@|it ?U@?}i_c ** @Uii @ t|@|L?@h) ThLUitt uLh
Z|c LLih?} @hL?_ 3ihL At i^@|L? @*tL 4T*itc |@| @| o|3  fc |i _)?@4Ut
Lu |i ThUi U@?}i t }i? M)
Z|n  Z| ' E1  wZ| n 17ohi@* n "|
W? T@h|U*@hc u 1 : w @?_ 7ohi@* ' fc |i ThUi U@?}i @h@M*i Z| @t @? i T*Lti
_)?@4Utc | i|ih @UUi*ih@|?} _i@|L? Lh @UUi*ih@|?} ?@|L? @t hit*|
,^@|L? E U@? Mi hih||i? @t
Z|n  Z| ' S wZ|  1 Eo|3  Z| n "| E2
ihi
S ' 17ohi@*
? w5 hi}hittL? Lu i^@|L? E2c t?} @??@* N5 _@|@ uhL4 bS |L bbH )i*_t
S ' 2fDEfD.c w ' ffEffb @?_ 1 ' fEffb | t|@?_@h_ ihhLht ? T@hi?|itt
Ai t|@?_@h_ _i@|L? Lu "| @t it|4@|i_ |L Mi DI @?_ -
2 ' f.D @ti_ L?
|iti E@_4||i_*) h@|ih Uh_i hit*|tec W U@??L| hiiU| |i )TL|itt |@| w ' 1c
i |i !?uii_}i U@ti t| Mi|ii? i T*Lti Lh t|@M*i ThUi U@?}i _)?@4Ut uLh
o|3  f W? |t tiU|L?c W t@** i4T@t3i |i i T*Lti TLttM*|)c w 	 1c ihi@t W
i @4?i |i 4Lhi Mi?}? U@ti Lu t|@M*i _)?@4Ut ii? uLh o|3  f ? tMtiU|L? 2
W? 4) U@*U*@|L?t Mi*Lc W ** |ihiuLhi ULLti 4) M@ti*?i T@h@4i|iht @t *t|i_ ?
|@M*i  
W t |L U@*U*@|i |i t|i@_) t|@|i _t|hM|L? Lu |i h@|it Lu ThUi U@?}it
AL |@| i?_c W 4@!i |hii 4Lhi @tt4T|L?t 6ht|c ? Lh_ih |L i4T*L) UL?i?i?|
4@|i4@|U@* |LL*tc W t@** ti @ UL?|?Lt |4i uLh4*@|L? Lu Ec
_Z| '

E1  wZ| n 17ohi@*

_|n j_`| E
5iUL?_c W @tt4i |@| ?|ihit| h@|it @hi ti| @UULh_?} |L @ t4T*i A@)*Lhh*i*!i
uLh4*@c hitTiU|?} |i *Lih ML?_ @| 3ihLc






7Dqrwkhu lpsolfdwlrq zrxog eh wkdw wkh uhdo udwh lv hvwlpdwhg wr eh 5=38@3=64 @ 9=9(/ zklfk
vwulnhv ph dv wrr kljk iru vkruw0whup ulvnohvv dvvhwv1 Lqvwhdg/ dyhudjh uhdo udwhv ri uhwxuqv iru
wuhdvxu| eloov kdyh krryhuhg durxqg 4 shufhqw1 Iru wkh vxevhtxhqw dqdo|vlv/ L vkdoo xvh wklv 4 shufhqw










A@M*i G @ti*?i T@h@4i|iht
ihi ZW t tL4i |@h}i| ?@|L? *ii*c @?_ ihi k t @ T@h@4i|ihD W _L ?L| |h)
|L _ihi |t Mi@Lh uhL4 tL4i LT|43@|L? ThLM*i4 uLh 4L?i|@h) TL*U)G itti?
|@**)c MiU@ti Lu |i ThLM*i4 Lu h?@@) _i@|L?c tU ThLM*i4t 4@) Mi **_i?i_-
OLiihc h*it *!i Ee @i Mii? ThLTLti_ M) i} A@)*Lh Ebb @?_ uL?_ |L hL
Mt|*) _i*ih ?i@hLT|4@* hit*|t ? 4@?) 4L_i*tc tii A@)*Lh Ebbb@cM W| |ihiuLhi
Uih|@?*) 4@!it ti?ti |L i @4?i |i UL?t^i?Uit Lu @_LT|?} Eec ?L||t|@?_?}
|i LMiU|L?t ? i} +iutU?i_ih @?_ `**@4t Ebbb
h |h_ @tt4T|L? _i@*t | |i ThLM*i4 Lu h?@@) _i@|L?c U @htit
uLh 1 : wc @t i T*@?i_ @MLi W? |@| U@tic |ihi L*_ ?L| Mi @ ?L?_i}i?ih@|i
t|i@_) t|@|i _t|hM|L? uLh Z| W?t|i@_c W |ihiuLhi @tt4ic |@| |ihi t tL4i *Lih
ML?_ Z uLh Z|c U @U|t @t @ hiiU|?} M@hhih ?i 4}| t|u) |t @tt4T|L?
M) t@)?} |@| tL4i|?} U@?}it @t |i iUL?L4) i Tihi?Uit @ h@T_ _iU*?i ?
ThUitc @?_ |@| ThUit @| |@| TL?| ** ?L *L?}ih Mi ti| ^|i @t 4iU@?U@**) @t
i^@|L? E L*_ 4T*) W? 4Lhi Th@U|U@* |ih4tc |t @**Lt 4i |L _h@ UL?U*tL?t
hi}@h_?} |i *L?}h? @ih@}i Mi@Lh Lu |t iUL?L4)c @t T@h@4i|iht @hi U@?}i_
W ** h@|ih @hM|h@h*) ti| Z ' DI ? 4) t4*@|L?t Mi*L __|L?@**)c W @i
U| Lg |i _i?t|it @| 7Z ' DIc i W @i hitU@*i_ |i _i?t|it tL |@| |i) ?|i}h@|i
|L ?|) Lih |i ?|ih@* Z 5 dZc 7Zo
`| |iti |hii @tt4T|L?t |L}i|ihc |i t|@|L?@h) _t|hM|L? Lu ?@|L?
h@|it xEZ ** t@|tu) |i t|@|L?@h) ihtL? Lu |i kL*4L}LhL uLh@h_ i^@|L?c i




xEZ EREZZ n ^EZxEZ REZx ED
8Qrwh wkdw dw w @  dqg zlwk +7,/ L jhqhudoo| h{shfw lqdwlrq wr pryh ixuwkhu wrzdugv }hur/










w n 1 uLhZ  Zf
w n 1E k uLhZ : Zf
^EZ '
+
17ohi@* uLhZ  Zf






t |i ?@|L? h@|ic @| U |i ?|ihit| h@|i h*i |t |i 3ihL *Lih ML?_@h)S
Ai _gihi?|@* i^@|L? @MLi @t E|L 4) !?L*i_}i ?L U*Lti_ uLh4 tL*|L?c
?*itt o|  f EuLh i} Z
W '4 @?_ w ' 1 W? |@| U@tic |i tL*|L? t Lu |i uLh4






ihi xf ?ii_t |L Mi ULti? tL |@| |i ?|i}h@* i^@*t ?|) 6Lh 7ohi@* : fc L?i
LM|@?t h?@@) ?@|L? 6Lh 7ohi@* 	 fc L?i LM|@?t h?@@) _i@|L? AL }i|
4i@??}u* _i?t|it @| @**c W hi*) L? |i *Lih @?_ TTih ML?_t L? ?@|L?
W? }hi c W tL |i hit*|?} _i?t|it 6Lh |t }hic W @i ULti? w ' 1 ' fc
@hi_ 7ohi@* @?_ @i L|ihti ti_ |i M@ti*?i T@h@4i|iht *t|i_ ? |@M*i  t
L?i U@? U*i@h*) tiic |i t|i@_) t|@|i _i?t|) t i |hi4i*) ti?t|i |L |i @*i Lu 7ohi@*
Atc L?i tL*_ |hi@| @?) U@*U*@|L? Lu @ *L *!i*LL_ Lu i?|ih?} @ _i@|L?@h)
hi}4ic U hi*it L? tL*_*) } hi@* ?|ihit| h@|itc | @ }h@? Lu U@|L?
6Lh |i 4Lhi }i?ih@* U@tic W hi*) L? ?4ihU@* tL*|L?t |L |i _gihi?|@* i^@|L?
ED W? }hi 2 W tL |i t|i@_) t|@|i _t|hM|L? Lu ?@|L?c @h)?} 7ohi@*c @?_
t?} |i M@ti*?i T@h@4i|ih3@|L? Lu |@M*i  uLh |i L|ih T@h@4i|iht At }hi
t |i UL?|ihT@h| |L }hi 2 i UiT| |@| ?L |i _i@|L? _)?@4Ut t i T*Lti uLh
o|  fc @?_ |@| ht?} ?@|L? t UL4M@||i_ | ?Uhi@t?} ?L4?@* ?|ihit| h@|it
6}hi  |i**t @ t4*@h t|Lh) @ML| w t i T*@?i_ @MLic @*it Lu w 	 1 ' f
hit*| ? h?@@) _i@|L?c ihi@t |i ?@|L? _)?@4Ut t t|@M*i uLh w : 1
`*i 7ohi@* @?_ w tL*_ ThLM@M*) ML| Mi hi}@h_i_ @t u?_@4i?|@* T@h@4i|iht
Lu |t iUL?L4)c | 4@) Mi 4Lhi ?|ihit|?} |L i @4?i |i 4T@U| Lu U@?}?} |i
TL*U) T@h@4i|iht ZW @?_ k
9Qrwh/ wkdw s+, . t+, lv frqwlqrxv dw 3/ hyhq wkrxjk s+, dqg t+, duh qrw1
























6}hi G At }hi tLt |i ThUi U@?}i _i?t||itc i? ?L4?@* ?|ihit| h@|it
@hi  i_ @| 3ihLc @?_ ThUi U@?}it @hi ML?_i_ M) D @?_ D
e






















6}hi 2G hUi U@?}i _t|hM|L?c @tt4?} |@| h uL**Lt @ A@)*Lh h*i Ai
tL*|L?t @hi LM|@?i_ ?4ihU@**)
D





















6}hi G #i?t|) Lu ThUi U@?}itc i? @h)?} w
S





















6}hi eG #i?t|) Lu ThUi U@?}itc i? @h)?} ZW
.
W? }hi ec W @i @hi_ ZWG LUU@tL?@**)c | t U*@4i_ |@| @ }ih ?@|L?
|@h}i| i*Tt ? @L_?} |i U*g Lu h?@@) _i@|L? Ai }hi tLt |@| ?_ii_c
4@tt t 4Li_ @@) uhL4 |i _i@|L?@h) hi}4ic M| ?L| tMt|@?|@**) tLG ii? |
@? ?@|L? |@h}i| Lu Ic i tL*_ tii iUL?L4it tTi?_?} @ t3i@M*i uh@U|L? Lu |ih
|4i ? |i _i@|L?@h) hi}4i- At }hi |ihiuLhi Lgiht @ _hi Thi_U|L?G *i
|i |h@?t|L? ThLM@M*|it Mi|ii? |i ?@|L?@h) @?_ |i _i@|L?@h) hi}4i 4@)
Mi t4@**c tL |@| _i@|L?@h) hi}4it @i *U!*) Mii? LMtihi_ u@h*) h@hi*)c Lih
|4i i ** ?_ |@| iUL?L4it @hi UL44L?*) ? |@| t|@|L? hT@?_it @?_
`i*@?_ EbbH @?_ +iutU?i_ih @?_ `**@4t Ebbb @i @h}i_c |@| | tL4i
@TThLTh@|i 4L?i|@h) TL*U) h*it @?_ ii? @| ?@|L? |@h}i| *ii*t U*Lti |L 3ihLc
L?i tL*_ h@hi*) i?|ih _i@|L?@h) hi}4it `*i |ih @?@*)tt t M@ti_ L? 4Lhi
tLTt|U@|i_ 4L_i**?} @?_ L? @ 4Lhi U@hiu* it|4@|L? Lu |i ?_ih*)?} i^@|L?tc
|ihi 4@) Mi @? tti L i@}ih*) L?i tL*_ t@hi |ih LT|4t4 6ht|c }i? |i
t4T*i 4L_i* ihic |i UL?U*tL? |@| |i |h@?t|L? ?|L |i _i@|L?@h) t|@|i t
h@hic 4@) ?L| Mi tUi?|*) hLMt| W?_ii_c |i hiuihii |L |t T@Tih hL|i |@|
R@ Ui?|h@* M@?! 4@) u@Ui tU @ t|@|L? _i |L tL4i *@h}i ?i}@|i tTT*) tLU!c
U@ti_ ? |i U@ti Lu a@T@? M) R|i UL**@Tti Lu t|LU! ThUit @?_ *@?_ ThUit ? |i i@h*)
bbft @?_ |i _i*@) Lu ?_iht|@|?} |ih UL?ti^i?Uit L? |i M@?! @?_ ULhTLh@|i
M@*@?Ui tii|tc tii }@@k|@t@!@ E2fff 5iUL?_c }i? |@| L?i 4@) i?|ih @
_i@|L?@h) hi}4i L?Ui ? @ *ic L?i 4@) |i? t|@) |ihi uLh @ ThL*L?}i_ TihL_G
@ *L ThLM@M*|) Lu i?|ih?} |@| hi}4i @?_ |i u@U| |@| _i@|L?@h) iTtL_it @i
Mii? h@hi*) LMtihi_ tL u@h t |ihiuLhi Lu *||*i UL4uLh| W| L*_ Mi ?|ihit|?} ?
|i UL?|i | Lu |t 4L_i* |L U@*U*@|i |i |h@?t|L? ThLM@M*|it ?|L |i _i@|L?@h)
hi}4ic @?_ W LTi |@| |t ** Mi Thti_ ? tMti^i?| Lh!
W? }hi Dc |i hit*| Lu U@?}?} k t tL?G @TT@hi?|*)c |t T@h@4i|ih @t *||*i
igiU| L? |i t|i@_) t|@|i _t|hM|L? W?_ii_c |ihi @hi |L LTTLt?} igiU|t ?
|i L?i @?_c @ }ih @*i uLh k 4i@?t |@| ?@|L? t 4Lhi |}|*) UL?|hL**i_
*i o| : fc ThL_?} @ |i?_i?U) uLh Z| |L U*t|ih 4Lhi U*Lti*) |L |i |@h}i| Z
W
? |i L|ih @?_c @ }ih @*i uLh k 4i@?t |@| Zf t U*Ltih |L Z
W @?_ |@| |i
*Lih 3ihL ML?_ uLh o| @?_ |t |i hi}4i Lu @ _i@|L?@h) tTh@* ** Mi i?|ihi_
@| }ih @*it Lu |i ThUi U@?}i Z|c hit*|?} ? @ @||i??} |i?_i?U) uLh |i
_i?t|). TT@hi?|*)c ML| igiU|t @hi hi@tL?@M*) U*Lti |L M@*@?Ui uLh |i ?4ihU@*
U@ti t|_i_ ihi
:Dv Khqqlqj Erkq srlqwhg rxw wr ph/ wkdw lqwxlwlrq lv qrw frpshoolqj= diwhu doo/ lq wkdw uhjlrq/
wkhuh lv vwloo pruh xszdug suhvvxuh rq lqdwlrq wkdq iru d orzhu ydoxh ri 1
H
























6}hi DG #i?t|) Lu ThUi U@?}itc i? @h)?} k
b
2 i?}? ThUi _)?@4Ut @?_ |i 4@?iih?} hLL4 uLh
4L?i|@h) TL*U)
w@hi?Ui 544iht Ebb @t @h}i_ |@| @ TLt|i @ih@}i ?@|L? h@|i @?_ @L_
@?Ui Lu |i 3ihL *Lih ML?_ L? ?|ihit| h@|it t ?iUitt@h) ? Lh_ih |L *i@i 4@?i
ih?} hLL4 uLh UL?|ihU)U*U@* 4L?i|@h) TL*U) W t |L 4@!i tL4i ThL}hitt L?
i @4??} |t tti ? |t tiU|L? W ti @ t*}| }i?ih@*3@|L? Lu i^@|L? E h
@4 ** Mi |L U@*U*@|i LT|4@* 4L?i|@h) TL*U)c |@!?} ?|L @UUL?| |i igiU| Lu
ULLt?} ?L4?@* ?|ihit| h@|it L? ML| ?@|L? ELh _i@|L? @?_ |i L|T| }@T
AL _L tLc W ?ii_ |L h*i L| |i TLttM*|) Lu @ _i@|L?@h) tTh@*G L|ihtic |i
i?|hi ThLM*i4 ** tL*i*) Mi _hi? M) |i _ithi Lu |i TL*U) 4@!ih |L @L_ |i
_i@|L?@h) tTh@* hi}4i W ** |ihiuLhi TU! T@h@4i|iht U 4@!i |i iL*|L?
Lu ThUi U@?}it t|@M*ic ii? u o|  f
Lhi tTiUU@**)c tTTLti |@|
Z|n ' Z| n +| n "| E.
+|n ' +|  4Eo|  Z|n EH
ihi Z| t |i h@|i Lu ThUi U@?}i uhL4 TihL_ | |L | n c ihi +| t |i L|T|
}@Tc ihi o| t |i ?L4?@* ?|ihit| h@|i uLh t@ui @tti|t 4@|h?} ? TihL_ | n c
ihi "| t @ _@|i| 4i@? 3ihL ?Lh4@**) _t|hM|i_ h@?_L4 tLU! | @h@?Ui j2
@?_ ihi c c  @?_ 4 @hi T@h@4i|iht Aiti i^@|L?t 4@!i @? @tt4T|L?c U
t thi*) UhU@* ? *}| Lu |i ThiUii_?} tMtiU|L? G |i Mi?U4@h! hi@* ?|ihit|
h@|i t @tt4i_ |L Mi 3ihL ?i tL*_ |ihiuLhi |?! Lu |t 4L_i* @t U@T|h?}
@ h@|ih t*}}t TihL_ ? |4i i? i} ThL_U||) }hL| t t*L Ai 4L_i*
_Lit ?L| @TT*) |L |4it Lu u@t| ThL_U||) }hL| @t ? |i N5 ? |i *@||ih @*u
Lu |i bf<tc M| t 4Lhi @TT*U@M*i |L |i Uhhi?| t|@|L? ? a@T@?G |@|c Lu ULhtic
t ThiUti*) |i |4i i? L?i 4}| ?ii_ |L Lhh) @ML| |i 3ihL *Lih ML?_ L?
?L4?@* ?|ihit| h@|it
W @tt4i |@| |i 4L?i|@h) TL*U) 4@!ih ULLtit o| iih) TihL_c !?L?} |i
Thi_i|ih4?i_ ThUi U@?}i Z|n @t i** @t |i Uhhi?| L|T| }@T +| 6h|ihc W













W| tL*_ Mi U*i@h |@| |t 4L_i* t }*) t|)*3i_c @?_c ? 4@?) _4i?tL?tc
Liht4T*i_ t ? |i ThiLt tMtiU|L?c |i Mit| _iui?ti 4@) t4T*) Mi |@|
|t 4L_i* t t4*@h ? tTh| |L @ U*@tt Lu 4L_i*t U @t hiUi?|*) MiUL4i TLT*@h
? _iM@|it @?_ hiti@hU hi}@h_?} 4L?i|@h) TL*U) thi)i_ M) *@h_@c B@* @?_
2f
Bih|*ih Ebbbc tii i} 6hih @?_ LLhi EbbDc +_iMtU @?_ 5i?ttL? Ebbb Lh
hT@?_it @?_ `i*@?_ Ebbbc @?_ |@| | tL*_ t4T*) Mi hi}@h_i_ @t @ t|@h|?}
TL?| |L ThL_i tL4i ?t}|t @?_ ?||L? BLL_uhi?_ @?_ k?} Ebb.c @̀*t
EbbH @?_ L̀L_uLh_ EbbbM ThL_i @ 4Lhi ?_iT| _tUttL? Lu L i^@|L?t
Lu |t |)Ti 4@) hit*| uhL4 @ 4Lhi u**i_}i_ 4L_i* Oihic W t| ?L|Ui |@|
W @i ?L| }i? @ hi@tL? ) L|T| }@T t|@M*3@|L? 4@) Mi _ith@M*i |L Mi}?
| hit4@M*)c |ihi 4t| Mi tL4i 4@h!i| u@*hi U 4L?i|@h) TL*U) 4@) Mi
@M*i |L ULhhiU|G |L| 4Lhi _i|@*i_ 4L_i**?}c | t @h_ |L tii ) |i Th@|i
tiU|Lh U@??L| _L |@| |ti*u 6h|ih4Lhic L|T| t @ _i|ih4?t|U u?U|L? Lu *@}}i_
L|T|c ?@|L? @?_ ?|ihit| h@|itc i |ihi @hi ?L RtTT*) tLU!t ? |i *@?}@}i
Lu |@| *|ih@|hi W @4 }?Lh?} |i4 uLh |i t@!i Lu t4T*U|)c MiU@ti 4) uLUt t
L? |i @|L?L4Lt _)?@4Ut Lu ?@|L? h@|it
Aiti i^@|L?t @i tL4i ui@|hit U L?i 4@) ?_ @TTi@*?} t ? i^@|L?
Ec Ui?|h@* M@?!t _L ?L| UL?|hL* ?@|L? _hiU|*)c @?_ @U|@* ?@|L? 4@) LihtLL|
Lh ?_ihtLL| |t |@h}i| _i |L |i t|LU@t|U |ih4c |ihi t ?ih|@ |L |i _)?@4Ut Lu
ThUi U@?}itc @?_ ?@|L? t Thi_i|ih4?i_ L?i TihL_ ? @_@?Ui  W?@|L? ihi t
?L ?L *L?}ih _hiU|*) *?!i_ |L hi@* h@|itG |i *?! t ?L @ |i L|T| }@T ?t|i@_
}@?c | tL*_ Mi ?|ihit|?} |L i |i?_ |t 4L_i* |L @**L uLh uLh@h_*LL!?}
i*i4i?|tc |L @**L uLh tLU!t |L |i L|T| }@T i^@|L? @?_ |L ThLUii_ |L @ 4Lhi
u**) tTiUi_ 4L_i* | }i??i 4UhL uL?_@|L?tG W ?_ | *!i*) |@| tL4i Lu |i
UL?U*tL?t ihi hi4@? ?|@U| W? u@U|c W Mi*ii |i4 |L _iTi?_ 4Lhi L? |i tTiUU
T@h@4i|iht ULti? |@? L? |i T@h|U*@h ?_ih*)?} |iLhi|U@* 4L_i*c @*|L}
tU @ t|@|i4i?| 4t| Mi Thi tTiU*@|L? ? |i @Mti?Ui Lu @U|@**) ?_ih|@!?} |i
i UihUti Lu i |i?_?} |i @?@*)tt
L|i @*tLc |@| tU@* UL?t_ih@|L?t uLh |i _i|ih4?@|L? Lu |i ThUi *ii* @i
Mii? *iu| L| i?|hi*)G |t t @? L44ttL? ? @?) U@tic @t tU@* TL*U) ?_LM|i_*)
MiUL4it @? 4TLh|@?| T@h| Lu |i ti| Lu TL*U) |LL*t @@*@M*i @| ?i@h3ihL ?|ihit|
h@|it W _L ?L| tii |t @t @ 4@Lh _h@M@U! @| |t t|@}i Lu |i @?@*)ttc Liihc t?Ui
|i uLUt ihi t L? 4L?i|@h) TL*U) Tih tic ?L| L? L|T| t|@M*3@|L? @| *@h}i Lhi
4TLh|@?|*)c |L}c hiUi?| @_@?Uit ? |i RtU@* |iLh) Lu |i ThUi *ii* TL?|
L| |@| |i ThUi *ii* Lh Tih@Tt ii? |i ?@|L? h@|i tL*_ Mi 4Lhi ThLTih*)
ii_ @t Mi?} _i|ih4?i_ M) tU@* TL*U) h@|ih |@? 4L?i|@h) TL*U) @*|L}i|ihc
tii i} wiiTih Ebbc 54t Ebbec L̀L_uLh_ EbbD @?_ LUh@?i EbbH W| 4}|
Mi ?|ihit|?} |L Thti |i 4T*U@|L?t Lu |@| uh@4iLh! uLh |i ^it|L? Lu |i
3ihL *Lih ML?_ L? ?|ihit| h@|it #L?} tL ihi L*_ *i@_ t |LL u@h @@)c Liih
Ai Mi?U4@h! hi@* h@|i @t Mii?  i_ @| 3ihL uLh |t i ihUti Ei t @Mi?| uhL4
|i i^@|L?t @MLi Wu |i hi@*3i_ hi@* h@|i t @*@)t i^@* |L 3ihLc i i^@* |L








@?_ i?Ui M)  @?_  Atc u ML|  @?_  @hi t4@**ih |@? ?|) ? @MtL*|i @*ic
|i t)t|i4 t t|@M*i @hL?_ |i t|i@_) t|@|i @*it Z" ' fc +" ' f uLh @ UL?t|@?| hi@*









Wic |L @Uii @ t|i@_) t|@|i Lu Tih4@?i?|*) TLt|i ?@|L?c L?i ?ii_t |L Tih4@
?i?|*) Tt |i tLh||ih4 hi@* h@|i Mi*L |i Mi?U4@h! *ii*G |t 4L_i* @tt4it
|@| |t t Th?UT*i ? TLttM*i
Wu o|  fc i u ?L4?@* ?|ihit| h@|it | |i 3ihL *Lih ML?_c |i t|@M*|) Lu






@?_ i?Ui M) |i |L hLL|t lc  ' c2 |L |i ^@_h@|U i^@|L?
REl ' l2  lEn  n E  4
W @i it|4@|i_ |i |L i^@|L?t E. @?_ EH | w5c t?} @??@* N5 _@|@
uhL4 bS |L bbHc ?U*_?} @? ?|ihUiT| AL LM|@? |i L|T| }@Tc W @i O
*|ihi_ |i *L}@h|4 Lu hi@* B#c hi4L?} |i t4LL| |hi?_ 6Lh 4) O T@h@4
i|ihc W @i ti_ |i @*i .c h@|ih |@? |i 4Lhi UL?i?|L?@* @*i Lu ffG |i
t|U@|L? U@? Mi uL?_ ? +@? @?_ N*} Ebb. 6Lh i^@|L? E.c W LM|@?i_
 ' f.DEffHc  ' fHfEfS @?_ @ t}?U@?| ?|ihUiT| Lu 2fEfe Ai t|@?_@h_
ihhLh Lu |i hit_@* @t j '  @?_ |i -2 ' fH 6Lh i^@|L? EHc W LM|@?i_
 ' f2eEfDc oJ ' fbEff. @?_ @? ?t}?U@?| ?|ihUiT| Lu feEf2D Et|@?
_@h_ ihhLht @hi ? T@hi?|itt Ai t|@?_@h_ ihhLh @t 2 @?_ |i -2 ' f2. Ai
i}i?@*it Lu o|f @hi l ' fbS @?_ l2 ' ff @?_ |ihiuLhi ML| t|@M*i 6Lh
|i t4*@|L?t Mi*Lc W @i ti_ |i T@h@4i|iht *t|i_ ? |@M*i 2c U _gih
tL4i@| EM| ?L| t}?U@?|*) uhL4 4) i4ThU@* it|4@|it Ai hLL|t uLh |i
T@h@4i|iht *t|i_ |ihi @hi l ' fHb @?_ l2 ' fSc i tL4i@| 4Lhi Mi?}?*)
t|@M*i
A@!?} @** i^@|L?t |L}i|ihc |i ThLM*i4 Lu |i Ui?|h@* M@?! U@? Mi hih||i?
@t @ _)?@4U ThL}h@44?} ThLM*i4c









n q.dT EZ|n2c +|no
Eb
+|n ' +|  4Eo|  Z|n








A@M*i 2G @h@4i|iht uLh |i |Li^@|L? 4L_i*
Ai UhU@* _gihi?Ui |L t4*@h 4L_i*t Lu LT|4@* 4L?i|@h) TL*U) ? |i *|ih@|hi
t |i hit|hU|L? |@| ?L4?@* ?|ihit| h@|it 4t| Mi TLt|ic o|  f `@| W @4
*LL!?} uLh ? T@h|U*@h t |i LT|4@* 4L?i|@h) TL*U) h*ic
o| ' sEZ|nc +|c
W| t tiu* |L ht| UL?t_ih |t ThLM*i4 |L| |i 3ihL *Lih ML?_ L? ?L4?@*
?|ihit| h@|it W? |@| U@tic |t t @ t|@?_@h_ *?i@h^@_h@|U ThLM*i4 W @tt4i
@__|L?@**)c |@| ZW ' f @t Tih@Tt |i 4Lt| ?|ihit|?} Mi?U4@h!G
hLTLt|L? e `|L| |i UL?t|h@?| o|  fc @?_ | Z
W ' fc |ihi t @ tL*|L?
|L |i _)?@4U ThL}h@44?} ThLM*i4c }i? M)










































At ThLTLt|L? U@? Mi ThLi? M) |i 4i|L_ Lu R}itt @?_ ihu) Lhi Thi
Uti*)c tMt|||i |i uLh4 Ef ?|L |i h}| @?_ t_i Lu i**4@?t i^@|L? Eb
A@!i ht|Lh_ih UL?_|L?t @?_ U@*U*@|i |i i?i*LTi UL?_|L?t u|ih tL4i |i_Lt
U@*U*@|L?tc |i hit*| @MLi LM|@?t
Aihi @hi @ ui |?}t |L ?L|Ui 6ht|c |i _iUtL? h*i uLh ?|ihit| h@|it |@!it
|i uLh4 Lu @ A@)*Lh h*ic tii A@)*Lh Ebb Wic ?|ihit| h@|it @hi ti| |L hi@U| *?i@h*)
|L |i E_i@|L? ? ?@|L? @?_ |i L|T| }@T Ai ULiUi?|t @i |i i TiU|i_
t}?G ?|ihit| h@|it tL*_ Mi h@ti_ u |i L|T| _i@|L?t E|i ?i}@|i Lu |i
L|T| }@T t T@h|U*@h*) *@h}i Lh ?@|L? t T@h|U*@h*) t|hL?} At t }LL_ ?itG
|ihi t u@h*) UL??U?} i_i?Ui |@| 4L?i|@h) TL*U) ? Th@U|Ui UL4it U*Lti |L
uL**L?} @ A@)*Lh h*ic tii *@h_@c B@* @?_ Bih|*ih EbbH h 4L_i* t Uih|@?*)
?L| ?^i ? }?} hti |L @ A@)*Lh h*i @t |i LT|4@* ELh ?i@h*) LT|4@* _iUtL?
h*i uLh @ Ui?|h@* M@?!G @ thi) Lu @ @hi|) Lu 4L?i|@h) 4L_i*t @?_ |ih 4T*U@|L?t
uLh A@)*Lh h*it t ? A@)*Lh Ebbb@cbbbM
5iUL?_c L?i U@? @U|@**) M)T@tt ?|ihit| h@|it o| ? |i 4L_i* @MLi UL4T*i|i*)c
@?_ _hiU|*) @tt4i |@| |i Ui?|h@* M@?! UL?|hL*t +| ,i?  |i? _Lit ?L| 4@||ih
@?)4Lhi ?i ?_t |@|
+| ' /Z|




i |i h@|Lt Lu |i LMtihi_ t|@?_@h_ _i@|L?t Lu L|T| @?_ ?@|L? )i*_ |i
E?i}@|i Lu |i hi@U|L? ULUi?| Lu |i L|T| }@T |L ?@|L?  4Lhi i |i?ti
_tUttL?c ? T@h|U*@h ? |i hi*@|L?tT |L |i _@|@ L? ?i4T*L)4i?| L*@|*|)
@?_ ?@|L? L*@|*|) @UhLtt UL?|hitc U@? Mi uL?_ ? N*} Ebbb 6?@**)c W ?L|i
|@| |ihi t ?L t)t|i4@|U ?@|L? M@t i? ZW ' f
AL tL*i |i _)?@4U ThLM*i4 | |i 3ihL *Lih ML?_ L? ?L4?@* ?|ihit|
h@|itc W ti ?4ihU@* |iU?^itH ? @? i ihUti t4*@h ? tTh| |L |i L?i TihuLh4i_
M) hT@?_it @?_ `i*@?_ Ebbb Ai T@h@4i|iht @i Mii? |@!i? uhL4 |@M*i 2
 T*L| Lu |i _iUtL? h*i uLh |i RMi?U4@h! T@h@4i|ih3@|L? ZW ' 2 @?_
b '  U@? Mi tii? ? }hi S @|h@**)c |i ?L4?@* ?|ihit| h@|i t ti| i^@* |L 3ihL
uLh *@h}i h@?}it Lu |i t|@|i tT@Ui L?i|i*ittc ?|ihit| h@|it @hi h@ti_ ^U!*)c u
|i L|T| }@T Lh |i ?@|L? h@|i t |LL *@h}i
;L kdyh xvhg d julg phwkrg rq htxdoo| vsdfhg julgv dqg ydoxh ixqfwlrq lwhudwlrq1 L kdyh glvfuhwl}hg
wkh vkrfn w/ fdofxodwlqj dq dssursuldwh Pdunry wudqvlwlrq pdwul{ iru lqdwlrq udwhv rq wkh julg
rqfh1 Iru hdfk vwdwh rq wkh julg/ wkh rswlpdo ghflvlrq zdv xvhg e| elvhfwlrq phwkrgv/ xvlqj d olqhdu
lqwhusrodwlrq ri wkh h{shfwhg ydoxh ixqfwlrq/ jlyhq rq wkh julg1 Zlwk wkh ghflvlrq uxohv fdofxodwhg wklv
zd|/ L kdyh wkhq shuiruphg vlpxodwlrqv ri ohqjwk 4833 zlwk qrupdoo| glvwulexwhg vkrfnv/ wuxqfdwhg
wr w wkh udqjh ri 3
w
v rq wkh julg/ glvfduglqj wkh uvw 833 revhuydwlrqv/ dqg olqhduo| lqwhusrodwlqj
wkh ghflvlrq uxoh ehwzhhq julg srlqwv1
2e
b ' f  f 4
ZW 'fD fb Ebf fbe Ebe fS2 E2fS fe. E22
ZW ' ff f.D Ebb fSH E2f2 fD E2fH fe. E22
ZW ' fD fDf E2f. fe. E2fH feD E2 fe. E22
ZW ' f f2. E2S f2b E2S fH E2 fe. E22
ZW ' D fe E22 f. E222 f2 E2S fe. E22
ZW ' 2f ffe E2f ffH E22H f2S E2H fe. E22
ZW ' 2D ff E2 ff2 E2 f2 E22f fe. E22
A@M*i G +it*|t uLh ZG 4i@?t @?_ t|@?_@h_ _i@|L?t E? T@hi?|itt
b ' f  f 4
ZW 'fD fD Efef fee Ef ff Ef2 f22 EfS
ZW ' ff fD Efe f2 EfS f2D Efe f22 EfS
ZW ' fD f2e Efe f2 EfH f22 EfS f22 EfS
ZW ' f f Efee fD Efe2 fb EfH f22 EfS
ZW ' D ff. Efe. ffb EfeD fS Efef f22 EfS
ZW ' 2f ff EfDf ffe Efeb f Efe f22 EfS
ZW ' 2D ff EfD2 ff2 EfD f Efe f22 EfS
A@M*i eG +it*|t uLh +G 4i@?t @?_ t|@?_@h_ _i@|L?t E? T@hi?|itt
b ' f  f 4
ZW 'fD fbb E2.2 fHS E2f. fDH E22 feD Efb
ZW ' ff fSb E2b fS EHf fDf ED feD Efb
ZW ' fD fe. EHe feD ED fe Ef. feD Efb
ZW ' f f2H Eeb ff E2 fH Efbb feD Efb
ZW ' D fS Ef. fb EfbH f2 Efb feD Efb
ZW ' 2f ffH Ef.D f Ef.e f2. EfHD feD Efb
ZW ' 2D ffe EfeS ffS EfDe f2 Ef.H feD Efb




























6}hi SG  T*L| Lu |i _iUtL? h*ic t?} ZW ' 2 @?_ b ' 
2S










With zero lower bound, y = 0
Without zero lower bound, y = 0
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Average number f(p) of coupons held, β = 0.90
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Average number f(p) of coupons held, β = 0.99
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